A reproducible method is described for the determination of the MICs of ketoconazole, miconazole, fluconazole, and itraconazole with sharp endpoints when employed with either yeasts or molds. A semisolid medium is used with controlled pH and standardized inoculum. Broth dilution, the method most commonly cited (9), suffers from effects of variation in inoculum size, composition of the medium (5), pH (7), and duration of incubation and, particularly, from trailing endpoints (6, 9). Relevant to this last effect, which we have also observed, is the report (4) that subinhibitory concentrations of clotrimazole considerably reduced the growth rate of yeasts, whereas the inhibitory effect of nystatin, a polyene antimycotic, ended rather abruptly as soon as the concentrations dropped below the MIC.
Azole derivatives occupy a dominant position in the development of new antifungal agents (2) . Ketoconazole, an orally administered imidazole, is a less toxic although narrower-spectrum alternative to amphotericin B for the treatment of selected systemic mycoses. Miconazole, administered parenterally, is of value in selected cases. Two triazoles, fluconazole and itraconazole, are under intense clinical investigation and show promising results in therapy of several of the systemic fungal infections. With the proliferation of these agents has come the need to develop reliable susceptibility tests that permit selection of the most effective drug to use in a given case, especially with the finding of significant variations in MICs for the pathogens.
Susceptibility testing is particularly important in directing therapy with the azoles, because these agents as a class are ( ( effective against a great variety of opportunistic molds that in general are less susceptible to amphotericin B and largely resistant to flucytosine. The establishment of a reliable method for testing has, however, been beset with difficulties.
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Broth dilution, the method most commonly cited (9) , suffers from effects of variation in inoculum size, composition of the medium (5), pH (7) , and duration of incubation and, particularly, from trailing endpoints (6, 9) . Relevant to this last effect, which we have also observed, is the report (4) that subinhibitory concentrations of clotrimazole considerably reduced the growth rate of yeasts, whereas the inhibitory effect of nystatin, a polyene antimycotic, ended rather abruptly as soon as the concentrations dropped below the MIC.
The agar dilution method of susceptibility testing has also given variable results in our experience and in that of others (1) tion. Each was then diluted 1:10 in sterile distilled water, followed by doubling dilutions in the water to provide concentrations from 400 to 0.02 ,ug/ml. These stock solutions were stored at 4°C, at which they were found to maintain potency for at least several months.
In the preparation of bioassay plates, 1 ml of a stock solution or 1 ml of sterile distilled water is pipetted into each of a correspondingly labeled series of 16 sterile 20-by-150-mm screw-cap tubes. To each tube is added 9 ml of molten semisolid agar base, prepared as described below, resulting in azole dilutions of 40 to 0.002 ,ug/ml. Supplemented yeast nitrogen base 10X (9) is prepared from yeast nitrogen base (Difco Laboratories, Detroit, Mich.), 6 .7 g; D-glucose (Certified ACS; MCB Manufacturing Chemists, Inc., Cincinnati, Ohio), 10.0 g; L-asparagine (Sigma Chemical Co., St. Louis, Mo.), 1.5 g; and distilled water, 100 ml. The ingredients are dissolved with the aid of gentle heating, and the solution is sterilized by filtration through a 0.22-,um (pore size) filter; when necessary, the pH is adjusted to 7.2 with either 6 N HCl or 6 N NaOH. This may be stored at 4°C. For preparation of the final medium, 15 ml of supplemented yeast nitrogen base 10X is heated to 45°C together with 135 ml of 0.01 M sodium phosphate buffer (pH 7.0) and added to 50 ml of sterile molten agar (Bacto-Agar; Difco; 1 g; water, 50 ml). After thorough mixing, 9 quate, the mycelium should be ground with a sterile mortar and pestle; coarse aggregates should be allowed to settle for 10 min, and the uppermost fine layer should be decanted. This layer becomes the inoculum when its turbidity is adjusted as described above. Each of the labeled wells on a single culture plate then receives 10 ,u of suspension of either the test microorganism or the control culture. The plate cover is tape-tacked to the base at both ends to prevent dislodging, and the plate is incubated at 37°C for 48 h or until the control shows clearly visible growth, with readings made at 24-h intevals. The MIC is that contained in the well with the lowest concentration of azole that shows little or no growth, with the control yeast culture as reference. A small "ghost" sediment that is sometimes seen in inhibitory concentrations of azole with Candida albicans (Fig. 1B) is counted as "no growth." It is readily distinguished from true growth. It is important to read test results on the day that the control culture first shows good growth.
A typical test plate illustrating the sharp endpoints obtained with this method is shown in Fig. 1A . The test organism was a strain of T. glabrata. Figure 1B shows the ghost phenomenon sometimes seen with C. albicans. These are read as no growth. Tables 1 to 4 These comprised five strains of C. albicans with initial MICs ranging from 0.078 to >40 ,ug/ml, two strains of T. glabrata (0.313 and 0.625 ,ug/ml), two strains of Cryptococcus neoformans (each, 0.078 p.g/ml), and one strain of Saccharomyces cerevisiae (0.078 ,ug/ml). The results were within one twofold dilution, except for one C. albicans strain with values of 0.009, 0.039, and 0.078 ,ug/ml and one T. glabrata strain with values of 0.078, 0.156, and 0.313 ,ug/ml.
The semisolid agar dilution method described here has consistently given sharp, reproducible MIC endpoints. It employs a medium that is simple to prepare and has a relatively long refrigerator shelf life in a ready-for-use state, requiring only the addition of inoculum after restoration to room temperature. The method is suitable for testing molds, as well as yeasts, and is applicable to all four azoles thus far tried. Comparative studies in our laboratory have shown the concentration of the agar to be an important factor in eliminating trailing endpoints that are characteristic of both liquid and solid agar media used for estimating the MICs of the azoles. Other particularly important considerations are adjustment of the pH, use of a standardized inoculum, and elapse time before results are read. This last point is partic-NOTES 1877 ularly crucial, being guided by examination of the growth control.
A recent report (8) described an improved method for the determination of MICs for Candida species based upon the addition of antibacterial antibiotics to the test medium. The system was found to give reproducible MICs with sharp endpoints. However, the introduction of antibacterial antibiotics as additional bioactive components may lead to unnecessry complications of the test. It remains to be seen, also, whether the combination is effective against fungi other than Candida species.
